Chemical weapons have been used repeatedly in the history of mankind in a number of wars and terrorist acts. They have caused serious damage on human health and taken many lives. In a number of cases, such as the development of antidotes against their action, doing research on their detection, also the development of sorbents for gas masks, and conducting military training, it is possible to use different simulants. These are compounds that resemble the action of the poisonous substances but lack such high toxicity. They are not so harmful to human life and health. The purpose of this report is to explore the possibilities of using chemical warfare agents simulants to study their decontamination and destruction.
INTRODUCTION
Chemical weapons have been used on multiple cases in human history. They have caused serious harm to human health and killed many people. They pose a serious threat to the environment.
In some cases warfare agent stimulants can be used instead of the real substance, especially in scientific research on the mechanisms of toxic action; in the process of developing antidotes; when experimenting on and studying their resorption through the skin; when developing means of protection, decontamination solutions and lotions; when studying the process of degradation of real warfare agents; when developing means and methods of detection; when carrying out military training, etc. Warfare agent simulants have very similar manifestation of a particular real warfare agent but, at the same time, pose lower risk to ___________________________ *Correspondence to: Veselin Ivanov, 11 Armeyska Str, 6000 Stara Zagora, Bulgaria, Phone: +35942664326, E-mail: veskoasenov@abv.bg researchers, military staff and civilians. Their toxicity is lower and by rule, they are not that easily absorbed through the skin.
The team of authors has a rich experience in using simulants when researching the process of chemical warfare agents sorption in gas mask sorbents and in the eventual development of new sorbents.
The purpose of this paper is to present ways of using chemical warfare simulants, resembling the toxic action of real warfare agents but much less dangerous for the people involved for the purpose of investigation possibilities for their decontamination and destruction.
Presentation
Twenty-four volunteers took part in an interesting experiment. Their clothes, skin and hair were contaminated with ethyl lactate and methyl salicylate, liquid warfare agent stimulants. Decontamination was performed as the volunteers took a three-minute shower at water temperature of 30C, after which their gas masks were removed. Thorough soap and water cleansing then followed. The final stage consisted of a simulation of first aid given to the volunteers. The experiment was carried out to demonstrate how decontamination procedures can be practiced as an exercise, without subjecting participants' lives and health to any risk (1) . In a similar experiment, the volunteers' hair was contaminated with methyl salicylate and 2-chlor-ethyl ethyl sulfide, stimulants of sulfur mustard.
In order to investigate the resistance of the stimulants in the hair after intensive exposure to water steam, their desorption kinetics was studied applying two complementary methods: measuring the residuous quantity of stimulants in the hair and them measuring their quantity in the desorbed steam (2). Similar experiments of hair decontamination from the same stimulant substances were carried out by means of water showers, white clay, decontamination lotion and a combination of these (3). In another experiment methyl salicylate was used to study the skin decontamination properties of 15 products. In that experiment, the stimulant used emulated the effects of sulfur mustard (4).
Methyl salicylate is used as sulfur mustard and soman stimulant in experiments studying decontamination with chlorine based decontaminants. During such experiments the stechiometry, the effect of temperature, reaction time and pH have been studied. This suggests how useful that substance can be in scientific research, substituting highly toxic substances (5).
Polioxometalates can be added to liquids for surface skin protection. They can catalytically oxidize sulfur mustard. Sulfur mustard stimulants, added to perfluoropolyether are successfully used in experiments studying the decontamination properties of polioxometalates (6).
Sulfur mustard stimulants 2-chlorethyl sulfide and 2-bromoethyl phenyl sulfide have been successfully used in experiments studying the decontamination kinetics of a mixture containing bovine hemoglobin, gelatin and poi (fermented taro root, a type of staple food in Hawaii) (7).
Diethyl malonate is used as soman stimulant. It replicates the way soman is resorbed through the skin, as well as its decontamination. This chemical compound has facilitated the process of determining a number of soman decontamination factors like water pressure and temperature; concentration of surface active substance in the decontamination liquid; the type of nozzle needed and the duration of the procedure (8).
The hypobromite ion, BrO (-) is an active nucleophil, which quickly reacts with 5-valence phosphorus (V) and sulfonate esters. The acid it originates from oxidises organic sulfides and aryloxide ions.At рН 10-11, BrO (-) and HOBr co-exist in water and are potentially useful as decontaminants for chlorosulfide blister agents and phosphonyle nerve agents. For the purpose of studying their decontamination effects, reactions with 4-nitrophenyl diethyl phosphate and phosphonate, stimulants of nerve agents, can be used (9).
Sulfur mustard decomposition by a porphyrin metal-organic frame based catalyst is investigated using stimulant 2-chorethyl ethyl sulfide. The results have been compared with methods using hydrogen peroxide (10). The same substance has been used in another experiment -photo catalytic oxidation by a mixed type photo-catalyst, consisting of titanium oxide and silicon oxide (11), photocatalyst oxidation by a photo-catalyst on the base of Zr-benzothiadiazole and benzoselendiazole containing metal organic frames (12).
Sulfur mustard degradation by charcoal, impregnated with 11-molibdenum-1 vanadophosphorus acid, with rutenum chloride or with a combination of the two can be tested by using simulants dibutyl sulfide and ethyl 2-hydroxiethyl sulfide (13).
In laboratory experiments on the degradation of nerve agents sarin and VX in a reactor by oxidation with hydrogen peroxide, simulant dimethyl methylphosphonate can be successfully used. This chemical compound has a structure similar to chemical warfare agents. The experiments were carried out in an isothermal tube reactor. Reaction temperatures vary between 398 and 633 ° С, at pressure fixed at 24 МРа. Based on experiment data, a kinetic equilibrium on dimethyl methylphosphonate degradation has been worked out (14).
2-(butylamino)ethanethyol is considered a VX simulant. The compound is used in experiments studying photo-catalyst oxidation by titanium dioxide and degradation by ultrasound (15).
Malathion can be used as a simulant when studying Vx enzyme hydrolysis (16). Triethylphosphate is used as a simulant in experiments studying the degradation of chemical nerve agent (17). Diethylphosphonate can be used as tabun simulant when investigating its photocatalytic degradation (18).
CONCLUSION
In many cases in scientific research simulants can be used to investigate the process of decontamination and degradation of chemical warfare agents. This does not affect the quality of experiments and results but substantially diminishes the risk of accidents and provides safe environment for the researchers involved.
